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ABSTRACT
Plants rely on seed dispersal in order for seeds to escape the vicinity of the parent plant,
reach an uncompetitive habitat, or be transported to a suitable site for establishment. Zoochory
by mammals is an important aspect of seed dispersal with abundance of mammals known to
increase the amount of seed dispersal. However, mammal diversity is also important as different
mammals disperse different number of seed species as well as different seed species entirely.
Different mammals can also disperse seeds different distances. This study looked at the diversity
of seeds dispersed by different mammal species in the Monteverde area, the level of overlap in
seeds dispersed amongst the mammal species, and if plants are highly specific in their dispersal
by mammals or more general. In addition, this study compared the distances coatis and agoutis
dispersed seeds. I found that the mammal species surveyed dispersed a high diversity of seeds,
with coatis dispersing the most diverse species of seeds. There was little overlap between
different mammal species in what they were dispersing. Mammals, as highlighted by the
diversity of seeds each species dispersed, tended to be generalist dispersers; however, plant seeds
were only dispersed by one species of mammal. For distance comparison, I found that coatis
dispersed seeds significantly greater distances than agoutis. Overall, my results showed that
mammal diversity is important for seed dispersal as different mammal species disperse seeds
different distances and different plants need different mammals for successful dispersal.
______________________________________________________________________________
La importancia de la diversidad de mamiferos en dispersion de semillas:
distancia y diversidad de semillas
RESUMEN
Las semillas dependen de su dispersión para alejarse de la planta madre, y alcanzar un
hábitat menos competitivo y adecuado para su establecimiento. La dispersión por mamíferos
o zoocoria es un aspecto importante para la dispersión de semillas cuando hay abundancia de
mamíferos. Sin embargo, además de la diversidad, la composición de mamíferos es también
importante ya que diferentes mamíferos dispersarán diferentes números y especies de
semillas. Los diferentes mamíferos, según su tamaño también van a dispersar las semillas
diferentes distancias. Este estudio examinó la diversidad de semillas dispersadas por las
distintas especies de mamíferos presentes en Monteverde, el nivel de superposición en
semillas dispersas entre las especies de mamíferos, y qué tan específicas son las plantas en su
dispersión por mamíferos. Además, evaluar las distancias de dispersión por pizotes y guatusas.
Descubrí que las especies de mamíferos consideradas dispersaron gran diversidad de
semillas. Los pizotes dispersaron la mayor diversidad de semillas. Encontré poca
superposición entre especies de mamíferos y lo que estaban dispersando. Los mamíferos,
como lo destaca la diversidad de semillas que dispersó cada especie, tendieron a ser
dispersores generalistas; sin embargo, las semillas de plantas solo fueron dispersadas por una
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especie de mamífero. En cuanto a la distancia, encontré que los pizotes dispersaban las
semillas a distancias significativamente mayores que las guatusas. En general, mis resultados
mostraron que la diversidad de mamíferos es importante para la dispersión de semillas ya que
los diferentes mamíferos dispersan semillas diferentes distancias y diferentes plantas
necesitan diferentes mamíferos para una dispersión exitosa.
______________________________________________________________________________
Seed dispersal, a critical part of the natural history of plants, is the transportation of seeds
or fruits away from a parent plant. There are wide morphological adaptations for seed dispersal
hypothesized to have multiple advantages. One advantage is seeds that escape the vicinity of the
parent plant have higher success than those which fall and remain close to the parent plant. This
is because the effect of host-specific parasites and predators decline as seedlings increase in
distance from parent plants. Predators and parasites are in higher concentrations where
individuals of a plant species are closer together. In addition, the parasites and predators may
need the plants to be close together in order to survive long enough to find the next individual of
the plant species (Janzen 1970). To overcome these pressures, seed dispersal is important in
increasing distance between parent plants and their offspring. Other advantages of dispersal
adaptations include helping seeds move to uncompetitive habitats and also transporting seeds to
sites more suitable for establishment (Howe & Smallwood 1982).
Zoochory is a type of seed dispersal in which animals are the agents of dispersal. There
are multiple kinds of zoochory including endozoochory, in which seeds are ingested and pass
through the intestinal tract, and synzoochory, in which seeds are stored long-term by animals for
food and may be forgotten (Iluz 2011). Examples for endozoochory in mammals include coatis
and capuchins. Synzoochory in mammals is conducted by agoutis. There are also multiple types
of dispersal based on how many movements have occurred. Primary dispersal is the first
movement of a seed or fruit from the parent plant. Secondary dispersal is any movement from
initial or primary seed dispersal which can be considered significant. Secondary dispersal can be
critically important for the survival of seeds as “some seeds get to take two or more shots at the
target” (Forget 2005). Multiple movements can improve the chances a seed gets further from the
parent plant, to an uncompetitive habitat, or to a site suitable for establishment.
Mammals are an essential part of seed dispersal and a decrease in mammal abundance
due to human activity may affect this seed dispersal. Studies have been done on how human
activities have decreased mammal abundance which in turn has decreased seed dispersal. For
two specific fruiting plant species, Attalea butyraceae and Astrocaryum standleyanum, in central
Panama, a protected area with higher abundance of mammals saw an 85-99% proportion of seeds
dispersed while an unprotected area affected by poaching saw only a 3-40% proportion of seeds
dispersed (Wright 2001). Other studies have shown similar results, with one study in Thailand
comparing mammal abundance between four national parks. The national parks had different
mammal abundance with low abundance in some of the parks being the result of bushmeat. The
study found that seed dispersal and seedling abundance of a particular tree, Choerospondias
axillaris, had a positive relationship with mammal abundance (Brodie 2009). Overall,
defaunation has shown that mammal abundance is necessary for the health of tropical forests and
that some trees may be on the path to extinction if they lose their vector of dispersal.
In addition, the diversity of mammal species is important to seed dispersal. Generally, a
species may have an importance to a community which is not necessarily related to their
abundance. This includes rare species which may have a greater importance than their abundance
hints at. At the same time, the likelihood of extinction of these species is greater due to their low
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abundance (Howe 1984). For example, tapirs have a very large effect on the ecosystem through
their long-distance seed dispersal of the palm Maximiliana maripa. Tapirs transport these seeds
long distances from the parent tree, which is critical for protection against species-specific
bruchid beetles that aggregate at the parent tree. The fecal material is also very protective against
bruchid beetles. This results in the development of palm patches which can heavily impact
forest-savanna boundaries (Fragoso 2003). Thus, tapirs, a mammal species with low abundance
in their communities, have a high importance in seed dispersal, highlighting the importance of
diversity of mammal species in addition to abundance of mammals for seed dispersal in a
community.
As mammals can be very critical to seed dispersal and thus forest growth, it is important
to know the diversity of seeds being dispersed by different species and the distance they are
being dispersed. As human activity disturbs these mammal populations, it is important to
highlight these roles to encourage conservation and protection. My study focused on three
specific and relatively common mammals in the Monteverde area: white-faced capuchins,
agoutis, and coatis. However, all evidence of seed dispersal by mammal species was included in
the study resulting in a larger number of mammals surveyed. This study looked at what seeds are
being dispersed by each species at this time of year, if there is overlap between the mammal
species in the seed species they disperse, and whether there is high specificity between certain
fruiting trees and a mammal species or if the dispersal method is more generalist. In addition, a
secondary part of the study looked at how far two mammal species is dispersing seeds from the
parent plant. Overall, my study tried to answer the importance of mammal diversity to seed
dispersal.
MATERIAL AND METHODS
To determine what seeds mammal species were dispersing, I used a combination of
methods: direct visual observations, videos from camera traps, and scat analysis. My study sites
were three local reserves in the Monteverde area of Costa Rica: Curi Cancha, Santuario
Ecologico, and Bajo del Tigre. The study started 15 May, 2018 at the beginning of the rainy
season. Every day for two weeks, I visited at least two of my field sites and rotated between
them. The rotation resulted in the same amount of time being spent at each site by the end of the
study on 25 May, 2018. At each site, I spent two to three hours making visual observations and
collecting feces. For my direct visual observations, I recorded all observations of mammals
eating a fruit and collected samples of the fruit. With help from local experts, Rodrigo Solano
and Eladio Cruz, and my advisor, I identified the species of the fruit to the most specific
taxonomic level as possible. For feces, I scanned trails, clearings, and logs while I walked to find
any deposited feces. After finding a sample of feces, I collected it in a Ziploc bag and then later
analyzed it in the lab. Using a strainer, I cleaned the feces and removed the seeds I found inside.
Preserving the seeds in alcohol in containers, I used a dissecting scope to identify the seeds with
the assistance of a local expert, Rodrigo Solano. Finally, I also set up camera traps at my field
sites to gain more data on what mammals were visiting prevalent trees with fruit. I positioned the
cameras to view the fruit of the tree in order to obtain videos of the mammals eating the fruit. I
combined these three methods to answer what seeds each mammal species was dispersing and if
there was overlap between what the mammals were dispersing.
For the second part of my study, I conducted an experiment to find the distance agoutis
disperse seeds and a GPS to record distances coatis disperse seeds. The distances found were
then compared in a t-test of unequal variance to determine if there was a significant difference.
For my “agouti experiment”, I glued flagging attached to fishing line to 20 avocado seeds. I then
put these seeds in various locations in Santuario Ecologico, marking the location of each with a
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flag. To prevent the flags from disturbing the agoutis, I placed each flag one meter north of the
seed it was marking. Ten of the seeds were placed in the banana plantation habitat while the
other ten were in secondary forest growth. I returned on a daily basis for four days and recorded
if the seed had been eaten or moved. If the seed was buried, I measured the distance from where
the seed had been placed originally to where the agouti had buried it. These measurements are
the distance of seed dispersal as agoutis disperse seeds through synzoochory, burying them in
caches and then forgetting them.
For seed dispersal in coatis, I marked where I found coati scat and used the distance to
the closest plant species of the seeds found in the scat. I made an assumption when using the
closest plant since I could not know for certain what plant the coati ate from. After identifying
the seeds in the feces I found, I returned to my study sites and located the plant species I had
found in the feces. Then, I used a GPS to mark both the spot where I found the feces which was
marked by a flag and the closest plant species of the seeds in that specific feces. I then was able
to use a computer program, with the help of Randy Chinchilla, to calculate the distance from
seed to plant. The distance represented the minimum distance of dispersal as coatis disperse
seeds through endozoochory.
RESULTS
Combining direct visual observations, feces analysis, and camera trap videos, eight
mammal species were surveyed: white-nosed coati (Nasua narica), central American agouti
(Dasyprocta punctata), variegated squirrel (Sciurus variegatoides), red-tailed squirrel (Sciurus
granatensis), puma (Puma concolor), white faced capuchin monkey (Cebus imitator), ocelot
(Leopardus pardalis), and tapiti rabbit (Sylvilagus brasiliensis) (Table 1). Although all mammal
species dispersed a diverse amount of seeds, coatis dispersed the highest number of different
seed species (Fig. 1).
Table 1: Mammal species surveyed, and the method(s) used to obtain data on the mammal
species.
Mammal Species

Source of Data

Coati

Feces Analysis, Direct Visual Observations, and Camera Traps

Agouti

Direct Visual Observations

White faced capuchin

Direct Visual Observations

Variegated Squirrel

Direct Visual Observations and Camera Traps

Red Tailed Squirrel

Direct Visual Observations

Puma

Feces Analysis

Forest Rabbit

Feces Analysis

Ocelot

Feces Analysis
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14
Abundant
Cecropia polyphlebia
Chamaedorea

12

Araliaceae-possibly Oreopanax
Ficus pertusa
Rubiaceae B
10

Citharexylum costaricensis

Number of Seed Species Dispersed

Ficus
Blackea
Abundant

Rubiaceae A

8

Morpho Species C
Morpho Species B
Stauranthus perforatus
Myrtaceae-Eugenia

Fairly Common
6

Ocotea monteverdensis
Morpho Species A
Green Agouti fruit
Ocotea A

4

Prunis cornifolia
Matayba tetona
Conostegia oerstediana

Rare

Rare

Hampea appendiculata

2

Ocotea tonduzii
Rare

Ocotea whitei
Rare

Rare

Panopsis costaricensis
Cecropia

0
Coati

Agouti

Variegated
Red
Squirrel
squirrel

Puma

Capuchin

Ocelot

Rabbit

Mammal

Figure 1: The Diversity of Seeds Dispersed by Each Mammal Species Surveyed. Each
pattern represents a unique species of seed. Each vertical box represents the presence of a
seed dispersed by the mammal species found on the horizontal axis. These are given the
value of one as in one species. Three abundance categories are utilized to show the
abundance of each mammal species surveyed: abundant means 20 or greater observations,
common means 10-20 observations, and rare means less than 10 observations.
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There was minimal overlap between mammal species in what seeds they were dispersing.
Coatis shared dispersal of two out of 13 seed species with other mammals. Agoutis shared
dispersal of two out of eight seed species with other mammals. Variegated squirrels shared
dispersal of three out of six seed species with other mammals. Red tailed squirrels shared
dispersal of two out of two seed species with other mammals. Pumas shared dispersal of one out
of two seed species with other mammals. Capuchins shared dispersal of one out of one seed
species with other mammals. The overlap which was observed, especially in the less abundant
mammals, was due to secondary dispersal along with mammals of the same order having similar
diets. For example, squirrels and agoutis, which are both members of Rodentia, had more overlap
than agoutis and coatis had (Table 2). Also, there may be high specificity between a tree species
and the mammal species that disperses them. Only four out of 25 tree species found dispersed by
mammals in the study had multiple mammals disperse them (Figure 2).
Table 2: Each plant species and every mammal recorded dispersing the seeds through a
combination of visual observations, feces analysis, and camera traps.
Variegated Red
Plant Species
Coati
Agouti
Squirrel
squirrel
Puma
Capuchin Ocelot
Cecropia
x
x
x
Panopsis
costaricensis
x
x
x
Ocotea whitei
x
x
x
Ocotea tonduzii
x
x
Hampea
appendiculata
x
Conostegia
oerstediana
x
Matayba tetona
x
Prunis cornifolia
x
Ocotea A
x
Green Agouti
fruit
x
Morpho Species
A
x
Ocotea
monteverdensis
x
Myrtaceae
Eugenia
x
Stauranthus
perforatus
x
Morpho Species
B
x
Morpho Species
C
x
Rubiaceae A
x
Blackea
x
Ficus
x

Rabbit
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Citharexylum
costaricensis
Rubiaceae B
Ficus pertusa
Araliaceae,
possibly
Oreopanax
Chamaedorea
Cecropia
polyphlebia

x
x
x

x
x
x

Number of Mammal Dispersers

4

3

2

Rabbit
Ocelot
Puma

1

Red squirrel
Variegated Squirrel
Agouti

Cecropia polyphlebia

Chamaedorea

Ficus pertusa

Araliaceae-possibly Oreopanax

Rubiaceae B

Citharexylum costaricensis

Ficus

Blackea

Rubiaceae A

Morpho Species C

Morpho Species B

Stauranthus perforatus

Myrtaceae-Eugenia

Morpho Species A

Ocotea monteverdensis

Green Agouti fruit

Ocotea A

Prunis cornifolia

Matayba tetona

Hampea appendiculata

Conostegia oerstediana

Ocotea tonduzii

Ocotea whitei

Panopsis costaricensis

Cecropia

0

Capuchin
Coati

Plant Species

Figure 2: The number of mammal dispersers for each plant species found being dispersed.
Each pattern represents a different mammal species and each bar in the graph is one
mammal species. For example, Cecropia is dispersed by three different mammal species.
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In comparing distance of dispersal between coatis and agoutis, coatis dispersed seeds
further than agoutis (t (6) =2.63, p = 0.038). For minimum, median, and maximum distance of
dispersal, coatis dispersed higher distances than agoutis (Fig. 3).

300

Distance Dispersed (meters)

250

200

150

100

50

0
Coati

Agouti

Type of Mammal

Figure 3: The distance of dispersal for coatis (n = 7) and agoutis (n = 3). The whiskers of
the plot represent the minimum and maximum distances recorded. The lines through the
middle of the boxes represent the medians of the distances recorded. In every comparison,
coatis have a higher dispersal distance than agoutis.

DISCUSSION
Diversity of Seeds
The number of different species dispersed by each mammal species highlights the
importance of each mammal species to the overall community. Coatis in particular dispersed a
very diverse amount of seeds, 13 species, meaning that a high abundance of coatis may be
important for overall seed dispersal in the area. Agoutis also dispersed a high number of different
seeds making them another important disperser. The two species of squirrels dispersed a high
number of seeds as well. The results of the study show that each of these mammal species are
generalists in what they eat and then what they disperse. This could mean that the plants they
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disperse have similar morphological traits to attract the mammals to them. Indeed, studies on
coatis and seed dispersal have found that most of the plant species coatis consume and disperse
are pioneer species, have fruits greater than 15 millimeters in diameter, and have yellow or green
fruits (Alves-Costa 2007). Thus, a mammal species may disperse a high diversity of seed
species, but the seed species they disperse fit into syndromes which are attractive to specific
mammal species and result in dispersal of the seeds.
The only species less generalist, the puma, is not typically seen as a seed disperser.
However, the puma was found to disperse a species of seed, secondarily, that was not found in
the other mammal species. It is unknown what the puma ate to result in the seed in its feces, but
previous scat analysis in the Monteverde area has found sloths, coatis, agoutis, rats, and other
rodents in puma feces (Jiménez 2017). I suspect coatis are the most likely prey which would
result in pumas secondarily dispersing seeds. This is because they are known to disperse through
endozoochory and they typically have a high quantity of seeds in their feces meaning they have a
high quantity passing inside them at any given moment. A puma could eat a coati and there
would be a higher probability the seeds will not be destroyed and then passed by the puma.
Out of all the mammals surveyed, only ocelots and rabbits were not observed to disperse
any seeds which may be due to their eating habits. Many species of rabbits eat their own feces to
increase the efficiency of nutrient extraction (Reid 1997). This likely would destroy any seeds
they would have possibly dispersed through their feces. On the other hand, ocelots mostly eat
rodents as a staple, but can have different staples depending on location (Wainwright 2007).
Rodents are seed predators and disperse seeds through synzoochory. They would not have any
intact seeds inside them unlike coatis or other larger mammals who disperse seeds through
endozoochory. Thus, ocelots have less chance of secondarily dispersing than pumas who will eat
larger prey which may have seeds inside them.
Put together, eight mammal species were found to have dispersed 22 seed species in two
weeks. This is a very high number for a low amount of mammal species and time of study.
Removing ocelots and rabbits who dispersed no seeds, means it is even more notable. Overall,
the high diversity of seeds dispersed by the different mammal species means that these mammal
species are important for maintaining a healthy ecosystem through their role as seed dispersers.
Overlap of Dispersed Seeds Between Mammal Species
Since there was low overlap between most of the mammal species in terms of the seeds
dispersed, it may mean that many of the seed species may have high specificity with a specific
mammal species. Furthermore, the low overlap means that a high diversity of mammals is
necessary for seed dispersal. If one of these mammals were to disappear or go locally extinct,
there may be no vector for dispersal of multiple seed species. For example, coatis disperse
almost completely different seeds than agoutis. Without one of these species, a large portion of
seed species surveyed may not be dispersed which could have ripple effects in the ecosystem.
However, there may be more overlap between some of the mammal species that a longer and
broader study could find. For instance, capuchins may disperse some of the seeds dispersed by
coatis but there was only one observation of capuchins during the two weeks. A previous study
in the Monteverde area saw that coatis eat guavas and Symplocos limoncillos which are also
eaten by capuchins (Roth 2016). More observations could show higher overlaps between species,
but there appear to be very different seed species being dispersed by different mammal species.
Specificity Between a Plant Species and a Mammal Disperser
While the mammal species surveyed were generalists in what they ate and dispersed, the
plant species appeared to be highly specific in that most were found to only be dispersed by one
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mammal species. If this is the case, then mammal diversity is even more important as some plant
species may lose their agent of dispersal if even one mammal species goes extinct in an area. It
has been suggested that three characteristics would result in a cascade of extinctions if a seed
disperser was eliminated. First, that the survival of a plant species would be more threatened by
the elimination of a disperser than that disperser would be if the plant species was eliminated.
Second, that there is a low species diversity of dispersers so recruitment of alternate dispersers is
unlikely. Third and final, that the plant life history prevents rapid evolution. To test this, a study
was proposed to see how the virtual elimination of flying foxes, the sole critical disperser for
many plants, on Guam has effected plant reproductive success by comparing to Samoa where
flying foxes are still present (Cox 1991). It is hypothesized that Guam will see extinctions due to
the loss of the flying foxes due to the situation fitting the three characteristics proposed. It would
be interesting to learn if the three characteristics were present in the plants which only had a
single observed disperser in my study. However, my study was only done over two weeks. A
more extensive study could provide more conclusive data on the specificity between the
dispersed plant species and the mammals in the area. It may find that these plants actually have
multiple mammal dispersers and are less likely to go extinct if a disperser was eliminated.
Primary Dispersal
In this study, every mammal except the puma had likely instances of primary dispersal.
Coatis dispersed through endozoochory, agoutis and red squirrels through synzoochory, and
capuchins and variegated squirrels through dropping the fruit. The primary dispersals observed
show that plant species may rely on a single movement of seeds by a mammal. However, many
of the observed primary dispersals could have actually been secondary dispersal. For example,
the fruits I saw coatis and agoutis foraging for on the ground could have been previously
knocked down by squirrels or monkeys.
Secondary Dispersal
One of the most intriguing observations in this study were how mammals secondarily
dispersed what other mammal species had previously dispersed. Agoutis were observed as
secondary dispersers for both variegated squirrels and white-faced capuchin monkeys. It has
been suggested that variegated squirrels, who are seed predators, play a very small role or none
at all in seed dispersal. This is because they do not participate in synzoochory. Studies have
shown they do not move and bury food in caches (Wainwright 2007). However, they may
contribute to dispersal through secondary dispersal. I observed agoutis waiting below variegated
squirrels who were eating seeds. The squirrels would drop some fruits either by accident or on
purpose and the agoutis would react to the dropping fruit by retrieving said fruit. While many of
the seeds in the fruits were likely eaten by the agoutis, some were also buried in caches and later
forgotten. The agoutis can benefit by forgetting some of the seeds as the germinating seedlings
can provide a food reward (Forget 1991). Thus, variegated squirrels seem to have a role in seed
dispersal.
Capuchins, although only observed once, also contributed to secondary dispersal. In the
same way agoutis were below the variegated squirrels, they were also observed under foraging
capuchins. Moreover, I observed an agouti burying one of the dropped fruits in a cache. A
previous EAP study found that capuchins dropped a high number of fruits, with an average of 5.2
fruit pieces per observation period which were 30 seconds long (Roth 2016). This high
availability of fruit for ground mammals can lead to secondary dispersal to a better final location
for the seeds. In addition to agoutis, collared peccaries and coatis have also been observed to be
attracted to foraging capuchins (Wainwright 2007). Thus, observations and prior research show
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that many mammals are important secondary dispersers for capuchins. These mammals are
benefitted by the capuchins providing them the fruit and the plant benefits by the secondary
dispersal.
Finally, pumas were observed either secondarily or even tertiary dispersing seeds. Two
puma feces samples were collected in the study and both had seeds in them. This was surprising
due to the fact that pumas are carnivores. However, the likely explanation is that the puma ate a
mammal that had seeds within it. Pumas are known to eat monkeys, peccaries, coatis and deer
(Wainwright 2007). These mammals likely disperse seeds through endozoochory and some of
these seeds may survive their death to be dispersed secondarily by the puma. Pumas have ranges
of up to 7,500 hectares and can cover 65 kilometers in a night (Wainwright 2007). Thus, they can
help the seeds get further distance from parent plants in the rare cases they survive long enough
to make it to the puma feces. Even more interesting is that this could be an example of tertiary
dispersal. A monkey or squirrel could have dropped fruit to the ground which was then eaten by
another mammal which was then eaten by a puma which finally dispersed the seeds to their final
location.
While different from pumas, rattlesnakes illustrate the potential importance of the
secondary dispersal they conduct. Multiple North American mice have cheek pouches to
transport seeds to bury for later. Many of these mice are often eaten by rattlesnakes while they
have seeds in their pouches. A recent study has shown that the seeds can germinate in the
rattlesnake colon making rattlesnakes potential rescuers of seeds and secondary dispersers
(Reiserer 2018). While regarded as predators, these rattlesnakes should also be considered for
their potential role in seed dispersal and could even be considered ecosystem engineers. In the
same way, the fact that pumas can disperse seeds means they should be considered to be
important to the ecosystem as potential seed dispersers in addition to their role as predators.
Overall, these instances of secondary dispersal enforced the importance of mammal diversity to
seed dispersal because some seeds may only reach their optimal final location or increase their
survival if multiple mammals are present to conduct secondary dispersal.
Dispersal Distance
In comparing distances of seed dispersal between agoutis and coatis, coatis had a
significantly higher distance of seed dispersal. Furthermore, the coati dispersal distance is an
approximation based on the closest plant that could possibly be the parent plant. It was
considered to be possible as a parent plant if the plant was fruiting. Thus, the distance coatis are
dispersing seeds could be even further as the true parent plant could be further away than the
plant used in the approximation. For instance, a study in Guanacaste found coatis could deposit
seeds in feces up to 1,120 meters away from the parent plant (Sáenz 1994). The differences in
dispersal distance between agoutis and coatis highlight how diversity of mammals is important to
seed dispersal. As distance from a parent plant increases, survivorship of the seeds increases. A
classic model shows that as distance from a parent plant increases, there is a rapid decrease in
seeds per unit area but also an increased probability the seed will escape predation before
maturation (Janzen 1970). Thus, it is important for plants to have mammals such as coatis to
disperse them further in order to achieve this escape from predation and arrive in an
uncompetitive habitat. If there were only agoutis dispersing seeds, they would be a much smaller
distance away from the parent plant. While they were not sampled due to their low occurrence in
the study, white-faced capuchins may disperse even further than coatis. Troop ranges for
capuchins can range from 30 to 160 hectares (Wainwright 2007). Through endozoochory,
capuchins could transport seeds throughout their range. Overall, diversity of mammals is
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important to seed dispersal because different mammals disperse different distances and distance
from a parent plant is important to the survivorship of seeds and seedlings.
Further Studies
Future studies should investigate the viability of seeds dispersed through endozoochory
Also, investigations should be done on the number of seeds agoutis forget about and are able to
germinate. These studies are important in determining how successful mammal dispersal is and
could further support the importance of mammal abundance and diversity to forest growth and a
healthy ecosystem. It would also be beneficial to expand on this study through a longer period of
time. Finding the distance of dispersal for the other mammals in the study could show further
how the diversity of mammals is important for dispersal and survival of seeds. Additionally,
further data on what each mammal species is dispersing, particularly capuchins, would also
provide more knowledge on if there truly is low overlap between mammal species and the
overall diversity of seeds being dispersed. Capuchins would be very interesting to learn more on
as they have a very wide diet with studies observing them consuming 95 out of 240 available
fruit species (Wehncke 2004).
In conclusion, I found that diversity of mammals is important to seed dispersal in
addition to mammal abundance. some mammal species disperse more seed species than others
which is important and may also be due to abundance of the mammal species. However, since
different species of mammals have little overlap among themselves in regards to the seeds they
disperse, each mammal species is critical to dispersal. Furthermore, secondary dispersal is very
important to dispersal of seeds and multiple species of mammals are required for secondary
dispersal. Different mammals also disperse seeds different distances which means some
mammals can increase seed survival in comparison to other mammal species. If one mammal
species was to be eliminated or locally extinct, then some plant species may not have a vector for
dispersal or they may not be dispersed as far. Mammal diversity is very important to both forest
health and forest regeneration through seed dispersal for these reasons and must be considered
for conservation.
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APPENDIX
Appendix 1: Feces Analysis
Scat
Sample
#
Date
151 May
152 May
163 May
164 May
165 May
166 May
177 May
177 May
198 May
199 May
2110 May

11
12
13
14

22May
23May
23May
24May

Mammal
Species

Seed Species

Notes

Coati (?)

Rubiaceae A

Found in middle of trail

Santuario Coati (?)
Curi
Cancha
Coati (?)
Curi
Cancha
Coati (?)

Rubiaceae A
Rubiaceae A, MelastomataceaeBlackea

Had insect parts within

Santuario Coati (?)

Citharexylum costaricensis

Santuario Coati (?)
Curi
Cancha
Coati (?)
Bajo del
Tigre
Coati (?)

Cecropia, Rubiaceae B

Santuario Puma (?)

Cecropia

Location
Curi
Cancha

Conestegia oerstediana, Ficus

Melastomataceae-Blackea
Ficus pertusa

Santuario Puma (?) Araliaceae, possibly Oreopanax
Bajo del
Tigre
Ocelot(?) none
Bajo del
Tigre
Curi
Cancha
Bajo del
Tigre
Curi
Cancha

Rabbit
(?)

found in middle of trail
middle of trail, had insect parts
within
on a rock, frugivore
multiple seed species, middle of
trail
small seeds, parts of fruit inside
scat
on a log, seeds fairly small
middle of trail, had bones and
hair, very smelly
near waterfall trail, middle of
trail, had bones and hair
found on trail, had hair and
bones, smaller than puma scat
found in clump off the trail, small
round balls, relatively small so
probably not deer

Coati (?)

none
Arecaceae-Chamaedorea (a
palm)

Coati (?)

Cecropia polyphlebia

has insect parts, very smelly
has insect parts, ball full of seeds
and insect parts

Coati (?)

Rubiaceae A

on the trail
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Appendix 2: Visual Observations. An x means that the mammal was seen at the field sites
eating and/or dispersing the seeds of the plant species.
Variegated
Red
Tree Species
Coati
Capuchin
Agouti
Squirrel
squirrel
Hampea
appendiculata
Conostegia
oerstediana
x
Matayba tetona
x
Cecropia
x
x
Prunis cornifolia
x
Ocatea tonduzii
x
x
Ocatea A
x
Green Agouti fruit
x
Morpho Species A
x
Panopsis costaricensis
x
x
x
Ocatea whitei
x
x
x
Ocatea
monteverdensis
x
Myrtaceae-Eugenia
x
Stauranthus perforatus
x
Morpho Species B
x
Morpho Species C
x
Appendix 3: Camera trap data. An x means that the mammal was observed in a video from
the camera traps at the tree.
Variegated
Time Camera was active
Curi Cancha
Coati Capuchin Agouti Squirrel
(days)
Hampea appendiculata
10
Ficus
10
Santuario Ecologico
Ficus pertusa
10
Sapotea view from tree
8
Prunis view from sign
x
8
Estacion Biologica
Hampea view from top
6
Hampea view from midway x
6
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Appendix 4: The agouti experiment done to find distance of dispersal for agoutis. Not
touched means the seed was never moved or eaten. Missing, not recovered means the seed
was moved but it was never found. The first 10 seeds were in the banana plantation and
seeds 11-20 were in secondary forest growth.
Agouti
experiment
Seed #

Day 1 (24 May 2018)
1 predated on
2 not touched
3
4
5
6
7
8

not touched
not touched
not touched
not touched
not touched
not touched

9 Missing, not recovered
10 not touched
11 predated on
moved and buried 18 meters
12 away
13 not touched
14 not touched
moved and buried 8.63 meters
15 away
16 not touched

Day 3

Day 4 (27 May
2018)

not touched
not touched
not touched

not touched
not touched
not touched

not touched
Missing, not
recovered

predated on
Missing, not
recovered

not touched
predated on, found 14.4
meters away

not touched

not touched

not touched

not touched
Missing, not
recovered

not touched
Missing, not
recovered

not touched
Missing, not
recovered

not touched
Missing, not
recovered

Day 2
predated on
moved and buried 8.9
meters away
not touched
not touched
not touched
predated on
not touched
Missing, not recovered
predated on

17 missing, not recovered
predated on, found 4.56 meters
18 away
19 not touched

Missing, not recovered

20 Missing, not recovered

Missing, not recovered

not touched
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Appendix 5: Coati distances of dispersal including the average distance, maximum
distance, and minimum distance.
Coati
Distance
Distance
#
(meters)
Description
1
37.2 Station: feces to Hampea
2
35.57 Station: feces to Hampea
3
59.68 Santuario: feces to Cecropia
4
270.84 Curi Cancha: feces to Blackea
Curi Cancha: feces to
5
154.1 Chamaedorea
6
114.56 Curi Cancha: feces to Cecropia
Curi Cancha: feces to Rubiaceae
7
29.8 A
Average
100.25
Max
270.84
Min
29.8
Appendix 6: Agouti distances of dispersal including the average distance, maximum
distance, and minimum distance.
Agouti
Distance
Distance
#
(meters)
1
8.9
2
8.63
3
18
Average
11.84333333
Max
18
Min
8.63
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Appendix 7: The t-test conducted to see if the difference in dispersal distance between
coatis and agoutis was significant. Variable 1 is coatis and Variable 2 is agoutis.
t-Test: Two-Sample
Assuming Unequal Variances

Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Variable 1
Variable 2
100.25 11.84333333
7828.913167 28.44663333
7
3
0
6
2.632388774
0.01946746
1.943180281
0.03893492
2.446911851

